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Abstract: The evaluation of sperm quality is useful in predicting the fertility of sperm and is of great importance 
in maximizing reproductive efficency. This work used semen samples collected from 3 stallions and assessed for 
sperm morphometry (length, width, area, perimeter and ellipticity) before and after cryopreservation with two 
freezing extenders and procedures and then compared. Sperm freezability was judged according to the sperm 
quality parameters assessed. Cryopreservation succes was different between freezing methods. Sperm head 
dimensions were significantly (p<0.05) smaller in cryopreservated samples that in the fresh ones. These data 




 The evaluation of sperm quality is useful in predicting the fertility of sperm donors 
(Colenbrander et al., 2003) and is of great importance in maximizing reproductive efficiency, 
either under natural breeding conditions or in programs of assisted reproduction (Rodriguez et 
al., 2001). 
Reserchers believe that sperm chromatin structure can be alterated during 
cryopreservation, inducing a reduction in the surface area of sperm. It may be possible that the 
observed reduction of sperm surface area may ultimately be manifested in abnormal 
morphology of the sperm head (Arruda R.P., et al., 2002). The overall metric dimensions of 
the sperm head (width and length) have been correlated with fertility in humans (Chan P.J. et 
al., 1999). Morphological classification of stallion spermatozoa has traditionally included 
evaluation of head, midpiece and tail abnormalities as well as the detection of cytoplasmatic 
droplets (Casey P.J. et al 1996) An increase in abnormal sperm heads morphology has been 
correlated with a reduction in per cycle pregnancy rates (Blottner S. et al., 2001). 
Traditionally, the routine evaluation of semen includes the assessement of semen 
parameters such as motility, morphology and intact acrosome, in order to evaluate the ability 
of semen samples to be successfully frozen (Hidalgo et al., 2006) For example, it has already 
been widely demonstrated that cryopreservation leads to a decrease in sperm motility in many 
species. In the case of sperm morphology, it has been demonstrated that a decrease in the 
number of morphologically normal sperm in ejaculates leads to reduced fetility. It has also 
been demonstrated that cryopreservation affects the various spermatozoa cellular 
compartments. Hence, cryopreservation affects mitochondrial function, induces the acrosome 
reaction and alters the stability of the sperm chromatin reducing its decondensation ability. 
The differences in the sperm head dimensions between fresh and frozen-thawed samples have 
been indirectly attributed to possible alteration of some of these cell compartments, thus 
leading to the conclusion that changes in sperm head morphometry may indicate which sperm 
will be frozen with greater succes (Watson P.F., 2000). 
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The aim of this study was to evaluate the effect of freeze-thawing procedures on 
sperm head morphometry in stallions and whether it can be used as an indicator, togeder with 
traditional semen assessment methods, of the sperm freezability. 
 
MATERIALS AND METHODS 
 
1. Semen collection and evaluation 
The semen was obtained from 3 healthy stallions (Furioso North – Star and 
Throughbreed), with age between 5 and 8 years, using an artificial vagina CSU type. Two 
collections were obtained from each stallion. After the collection and removing of the gel 
fraction, the volume of each ejaculate was recorded. Sperm concentration was determined 
with SpermaCue® (Minitübtm) fotometer. The gel free fraction of each stallion was extended 
at a ration of 1:1 in a skimmed milk diluent (Equipro®; Minitübtm) and then transported to the 
laboratory. Motility was evaluated subjectively by mycroscope, using 10x and 20x objective 
lens, observing the spermatozoa number with progressive motility, scoring from 0% to 100%. 
The percentage of sperm with normal morphology and intact membrane-acrosome were 
examined on Spermac® – satined smears (Minitübtm). 
2. Freezing and thawing procedure 
Immediately after the evaluation, the 3 ejaculates were centrifuged at 800 x g for 20 
minutes at room temperature, in 14 ml conical centrifuge tubes to remove seminal plasma. 
After centrifugation, the sperm pellets from each ejaculates were resuspended at a ration of 
1:1 in: (1) A: M1 extender (Minitübtm), in wich was added lactose (20%), egg-yolk (20%) and 
gycerol (3%); (2) B: Gent® extender, commercial, based on lactose, egg-yolk and gycerol. 
For freezing we used 2 procedures, for each ejaculate and freezing extender: a fast one and a 
slow one. In the fast procedure the ejaculates resuspended in the two freezing medium (A and 
B), were equilibrated at the room temperature for 20 minutes, then loaded into 0,5 ml straws 
and then placed horizontally on a grind, 3 cm above liquid nitrogen, and freezed. In the slow 
procedure, the ejaculated resuspended in the freezing extenders (A and B) were cooled at 5°C 
for 1 hour, then packed in 0,5 ml straws and then freezed in the same way. A sample of each 
ejaculated cryopreserved by the two procedures was thawed in warm water at 37°C for 30 
seconds. Post-thaw the samples were evaluated for motility, morphology, and acrosome. 
3. Morphometric analysis 
    Three microscopic slides per sample; one before and two after cryopreservation 
were prepared for morphometric analysis. About 7 µl of the fresh-diluted semen and post-
thaw diluted M1 and Gent® (Minitübtm), frozed by the 2 procedures, was smeared onto a 
glass slides, air-dried and then stained with Spermac®(Minitübtm). At least 100 propery sperm 
heads were analyzed per slide using a Nikon YS 100 microscope with a Moticam 350 and the 
Motic Images Plus Version 2.0. This process was performed manually by interactive selection 
of cells. 
Four morphometric dimensions parameters for length, width, perimeter (in µm) and 
area (in µm²) and one non-dimensional derived parameter for ellipticity (defined as 
length/width ratio) were assessed. The measurements of each individual spermatozoa were 
saved in an Excel® (Microsoft) compatible database. Statistical analysis of the morphometric 
and quality parameters was performed on the sample means and the values were expressed as 
mean±S.E. of these sample means. The statistical analysis was performed by paired t-test. 
Experiment 1: effect of cryopreservation on sperm head morphometry and semen 
parameters with different extenders and freezing procedures 
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The mean values for sperm head morphometric parameters (length, width, area, 
perimeter and ellipticity) were compared between fresh semen samples and M1 and Gent® 
extenders samples, frozen by 2 procedures, across the entire set of semen samples. 
Experiment 2: effect of cryopreservation on sperm morphology  
Sperm freezability was judged by classifying the semen samples as suitable or not 
suitable according to standard criteria established in accordance with quality assessment of 
the sperm before freezing and after thawing. So, sperm samples before freezing were 
considered as good quality, if they presented an ejaculate volume ≥ 30ml, sperm 
concentration ≥30 millions sperm/ml, progressive motility ≥ 65% and normal morphology ≥ 
60%, and suitable after thawing if they displayed ≥ 30% spermatozoa with progressive 
motility. The morphologycal parameters that had changed after freeze-thawing procedure 
were recorded and compared between groups. 
  




The parameters of the fresh semen sample of all stallions (length, width, area, 
perimeter and ellipticity), that we have found are similar to those published in literature 
(Gravance C.G. et all., 1996; Hidalgo M. et all., 2006; Arruda R.P. et all., 2002) (Table 1). 
We observed that the sperm head parameters were bigger in the case of the third stallion.  
Freeze-thawing procedure affected the sperm head morphometry. The sperm head 
dimensions in frozen samples were smaller (Table 2) in comparison to those obtained in the 
fresh semen samples. All four morphometric dimensions parameters (length, width, area and 
perimeter) were significantly (p<0.05) smaller in all cryopreserved sample, using both 
extenders and procedures, than in fresh semen. Changes in sperm head dimensions as a result 
of cryopreservation might be due to acrosomal damage or an alteration in chromatin 
condensation associated with cryopreservation. Also, changes in sperm head dimensions 
could be due to the effect of the extender as much as the freezing-thawing process (Arruda 
R.P., et al., 2002). 
 
         Table 1  
The parameters obtained for the fresh semen 
 
Fresh semen Parameters 
Stallion 1 Stallion 2 Stallion 3 
Length(µm) 5.6±0.47 5.74±0.37 6.02±0.33 
Width(µm)  2.75±0.32 2.71±0.28 2.71±0.26 
Area(µm²) 12.07±1.82 12.26±1.59 12.77±1.32 
Perimeter(µm²) 13.87±1.05 14.13±0.82 14.64±0.71 










Table 2  
Sperm heads parameters after thawing 
 
Sperm head morphometry Stallion Treatment L(µm) W(µm) A(µm²) P(µm²) E(L/W) 
M1S 5.17±0.42 2.32±0.25 9.43±1.3 12.61±0.9 2.22±0.24 
M1F 5.38±0.37 2.48±0.27 10.51±1.54 13.18±0.87 2.17±0.16 
GS 5.03±0.46 2.24±0.28 8.89±1.28 12.3±0.95 2.24±0.61 1 
GF 5.13±0.33 2.39±0.27 9.66±1.27 12.61±0.73 2.14±0.54 
M1S 5.32±0.35 2.47±0.25 10.45±1.26 13.58±0.64 2.15±0.36 
M1F 5.39±0.38 2.54±0.33 10.73±1.73 13.24±0.89 2.12±0.78 
GS 5.17±0.38 2.53±0.26 10.3±1.31 12.81±0.81 2.04±0.28 2 
GF 5.34±0.36 2.52±0.27 10.61±1.25 13.16±0.7 2.11±0.36 
M1S 5.80±0.37 2.45±0.26 10.18±1.19 13±0.71 2.36±0.35 
M1F 5.82±0.35 2.53±0.35 11.42±1.34 14.07±0.69 2.3±0.37 
GS 5.75±0.35 2.37±0.26 8.89±1.28 12.3±0.95 2.42±0.27 3 
GF 5.63±0.27 2.36±0.25 11.19±1.46 13.9±0.84 2.38±0.21 
M1S(Merk1,slow procedure); M1F(Merk1,fast procedure); GS(Gent slow procedure); GF(Gent fast  procedure) 
 
In the case of the first stallion we found no significant difference (p>0,05) for the 
analyzed morphometric parameters, that we compared between the freezing extenders and 
procedures. An exception was the length which was significantly (p<0.05) smaller in the case 
of  Gent® fast procedure than in Merk fast procedure, the width smaller in Merk fast 
procedure that in Merk slow procedure and aria and perimeter in all the samples studied. 
 For the second stallion we found a significantly (p<0.05) smaller length and perimeter 
in the case of Gent® slow procedure in comparison with the Gent® fast one and in the case of 
Merk slow procedure in comparison with Gent® slow one. 
 As for the third stallion we noted a significantly (p<0.05) smaller length, width, aria 








































Graphic 1 Representation of the sper     after thawing  
m head width 




The sperm parameters that we found before freezing are noted in table 3, and we 







                 Table 3 
Sperm parameters before freezing 
 
Fresh semen Parameters 
Stallion 1 Stallion 2 Stallion 3 
Volume (ml)                             70 30 40 
Concentration(mil/ml) 267 374 198 
Motility(%) 65 90 80 
Morphology(%) 66.3 94.3 96.3 
Acrosome intact(%) 83 91.6 90.4 
 
              Table 4  
Sperm parameters after thawing 
Parameters after thawing Stallion Treatment Motility(%) Morphology(%) Acrosome intact(%) 
M1S 15 59,6 62 
M1F 4 60 72.4 
GS 10 63,5 56.6 1 
GF 25 65 52.5 
M1S 50 92,5 69.6 
M1F 30 91 81.2 
GS 60 92.3 66.6 2 
GF 35 92,1 65.4 
M1S 20 92,3 69.3 
M1F 2 90.76 82.3 
GS 25 93.6 68.7 3 


















Graphic 3 Graphic representation of the intact acrosome after thawing 
 
The changes in the sperm dimensions might be explained be the presence of a great 
number of sperm with damaged or lost acrosome, as a consequence of the freeze-thawing 
process. We observed a lower percentage of intact acrosome in the case of the fast procedure 
Gent® extender frozen samples. The highest level of intact acrosome was in the case of 
Merck1 extender and the fast procedure. 
The motility values after thawing were between 2% (stallion 3, M1F procedure) and 
60% (stallion 2, GS procedure). The morphology values obtained were situated in normal 
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ranges. Analyzing the parameters obtained after the thawing, we can classifie as suitable, only 




 Morphometric dimensions of stallion sperm head, cryopreserved in different extenders 
and cryoprotectants, were statistically smaller than fresh-extended sperm. These 
differences may be due to acrosomal damage or due to chromatin condensation.  
 No statistically differences were found between morphometric parameters (length, width, 
perimeter and area) of the semen samples frozen with the 2 extenders and procedures, 
except a few cases. 
 In the case of sperm motility, in our experiment we can affirm that the Gent® extender 
and the slow procedure assure better results for cryopreservation of the semen.  
 These results are in accordance with many reports of the generally limited freezability of 
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